Background: The bones are the most common site of distant metastasis in nasopharyngeal carcinoma (NPC). Few prognostic markers are available to guide treatment and sub-classify patients with bone metastasis. We aimed to identify the prognostic value of pretreatment serum alkaline phosphatase (ALP) and plasma Epstein-Barr virus DNA (EBV DNA) in patients with bone-only metastasis. Methods: A total of 272 patients who developed bone-only metastases after therapy were retrospectively analyzed. Patients were categorized according to pretreatment serum ALP (< or ≥ 110 U/L) and pretreatment plasma EBV DNA (< or ≥ 6,750 copies ml -1 ). Univariate and multivariate analyses of clinical variables were performed using Cox proportional hazards regression models. Overall survival (OS) was analyzed using the Kaplan-Meier method and compared using the log-rank test. Results: Median OS for the cohort was 34.06 months (range, 2.53-143.87 months). Multivariate Cox proportional hazard analysis verified pretreatment serum ALP and pretreatment plasma EBV DNA were independent prognostic factors for OS. In stratified survival analysis of patients with elevated pretreatment serum ALP and/or plasma EBV DNA, delivery of radiotherapy (RT) to bone metastases provided a significant OS benefit compared to other therapeutic methods (P < 0.05). Conclusions: This study demonstrates two important points: firstly, pretreatment serum ALP and plasma EBV DNA have prognostic value at the first diagnosis of bone-only metastasis in NPC. Secondly, radiotherapy of bone metastasis improves the prognosis of patients with elevated pretreatment serum ALP and plasma EBV DNA.
Introduction
Nasopharyngeal carcinoma (NPC) is a malignancy that is disproportionally common in eastern Asia, with the highest incidence of approximately 20 per 100,000 people per year observed among the Cantonese population in the South of China [1, 2] . A recent epidemiological
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International Publisher analysis reported NPC was related to district, age, gender, diet, lifestyle, Epstein-Barr virus (EBV) infection, genetic factors and even the type of dialect in China [3] . As it has a complicated anatomical localization, NPC is considered surgically unresectable, but is sensitive to radiotherapy and chemotherapy. Combination of radiotherapy and chemotherapy has been proven to provide survival benefits for patients with advanced stage NPC [4] . In combination with developments in radiotherapy technology and imaging modalities, these therapeutic improvements have led to a reduction in mortality among patients with NPC since the peak value of 1.45/105 in 2002 [5] .
Approximately 15-19% of all patients with NPC develop distant metastasis [6] . NPC frequently presents as metastatic disease, with a propensity for metastasizing to bone. The bones account for 50% cases of metastasis, and metastasis to bone is associated with a poor prognosis and survival outcomes [7] . At present, the selection of radioand/or chemotherapeutic treatments for NPC are generally based on the characteristics of the primary tumor [8] . However, the current TNM staging system possesses a number of flaws, as patients with the same TNM stage display different clinical behaviors and achieve varied treatment responses and outcomes [9] . Despite the relative unreliability of the current TNM staging system, there is a lack of related research and the prognostic value of clinicopathological factors, risk assessment of different cases and the role of combined treatment in patients with bone metastasis have not been systematically defined and explored.
Currently, there is much interest in discovering prognostic markers that may help to discriminate patients and guide effective therapeutic strategies [10, 11] .
However, the identification of reliable biomarkers associated with prognosis is a continuous challenge. Surely, there have existed some studies about the prognostic value of ALP in the patients with NPC [12] and metastastic NPC [13] .
Therefore, the aim of this study was to investigate the prognostic value of serum alkaline phosphatase (ALP) and plasma Epstein-Barr virus DNA (EBV DNA) in patients with bone-only metastatic NPC in order to assist individual treatment decision-making for patients with M1 stage NPC. 
Materials and Methods

Patients
Clinical stage
For each patient, a complete medical history and physical examination were conducted, in conjunction with check-ups including serum biochemistry tests, direct fiber-optic nasopharyngoscopy, nasopharyngeal and neck magnetic resonance imaging (MRI), abdominal ultrasound, chest radiography and entire body bone scan and positron emission tomography-computed tomography (PET-CT). Plasma EBV DNA load was routinely measured before treatment using real-time quantitative PCR, as described previously [14] , and the undetectable EBV signals in the sample were reported as 0 copy/mL. Clinical stage was classified according to the 7th edition of the International Union against Cancer/American Joint Committee on Cancer (UICC/AJCC) staging system for NPC [15] .
Clinical data and treatment
The following data were recorded: clinical (age, gender, overall stage, T category, N category, radiotherapy technique, primary treatment, radiotherapy after diagnosis of metastasis), pathology (pathological pattern), and baseline laboratory data (serum alkaline phosphatase [ALP], plasma EBV DNA). Blood samples were routinely drawn at each patient's first appointment at our department (before initiation of any diagnostic or therapeutic interventions).
All patients received primary curative-intent treatment. Concurrent chemoradiotherapy with or without neoadjuvant or adjuvant chemotherapy was administered for advanced-stage disease (stage III-IVB), and either platinum-based chemotherapy or radiotherapy (2D/3DCRT/IMRT) was administered for early-stage disease or to patients that could not tolerate combined therapy.
After diagnosis of bone metastasis, we developed a treatment plan based on the general status of the patient and their illness. Treatment modalities for bone metastasis varied depending on the metastatic time order, site and number of metastases. Radiotherapy was prescribed for localized bone metastatic lesions to cure or relieve pain; chemotherapy was added for palliative purposes. The radiotherapy doses/fractions and chemotherapy regimens were selected individually for each patient. In our study, the salvage radiotherapy technique for all patients were intensity modulated radiotherapy (IMRT), and with a dose of 30Gy/10Fractions. Chemotherapy was the primary treatment, the most widely-used regimen was platins (cisplatin, carboplatin) or platins in association with docetaxel, paclitaxel or gemcitabine. The number of chemotherapy cycles was based on the patient's physical condition. In total, 120/272 (44.1%) patients received systemic chemotherapy only to treat bone metastases; 100 (36.8%) chemoradiotherapy; 35 (12.9%) local radiotherapy only; and 17 (6.2%) symptomatic therapy only.
Follow-up
Follow-up evaluations were performed every 3 months within the first 3 years, 6 months for the following 2 years and annually thereafter until death. The follow-up duration was calculated from the first day of therapy to the day of death or last examination. The last follow-up time was May, 2016. The study end-point was overall survival (OS), defined as the time from the date of first diagnosis to the date of death or last known date alive. Disease-free interval (DFI) was measured as the duration between the end of primary treatment and the date of first diagnosis of bone-only metastasis, which was diagnosed based on symptoms and a bone scan.
Statistical analysis
We established a cut-off value for EBV DNA by applying receiver operating characteristics (ROC) analysis. The Chi-square test was used to analyze the correlations between DFI and clinicopathological features. Univariate and multivariate analysis of clinical variables were performed using Cox proportional hazards regression models. Variables in the model included gender, age, overall stage, T category, N category, ALP, EBV DNA, radiotherapy after metastasis, vertebral metastasis, number of metastatic sites and DFI. Survival rates were plotted against time using the Kaplan-Meier method, and log-rank testing was used to compare the differences between the curves. Statistical analysis was performed using IBM SPSS statistical program package, version 22.0, IBM Corp. All statistical tests were two-sided; a P value < 0.05 was considered statistically significant.
Results
Patient characteristics
Of the 272 patients with NPC who developed bone-only metastasis after treatment, 258 (94.9%) were male and 14 (5.1%) were female, and 17 (6.2%) were initially diagnosed with early stage disease (Stage I-II) and 255 (93.8%) with advanced stage NPC (Stage III-IVB). The baseline characteristics of the patients are presented in Table 1 . The median follow-up time was 34.06 months (range, 2.53-143.87 months). At last follow-up, 132/272 (48.5%) patients had died. The 3-year OS rate for the entire cohort was 62.9%. Abbreviations: T = tumor; N = node; † ) According to the 7th edition of the AJCC/UICC staging system.
Pretreatment serum ALP
Median pretreatment ALP was 74.25 U/L, the cut-off value for ALP was defined as the upper limit of normal (ULN) value. In total, 250/272 (91.9%) patients were in the non-elevated ALP (NE-ALP) group (ALP < 110 U/L) and 22 (8.1%) were in the elevated ALP (E-ALP) group (ALP ≥ 110 U/L). In univariate analysis, 3-year OS was 65.1% for the NE-ALP group vs. 33.6% for the E-ALP group (P = 0.001, Figure 1A) . 
Pretreatment plasma EBV DNA
Based on ROC curve analysis for OS, the pretreatment plasma EBV DNA cut-off value was identified as 6,750 copies ml -1 . Univariate analysis showed the 3-year OS rate for the high EBV DNA group ( ≥ 6,750 copies ml -1 ) was 51.8% compared to 71.5% for the low DNA group ( < 6,750 copies ml -1 , P < 0.001; Figure 1B ).
Association between clinical variables and DFI and univariate analysis
The median DFI for this cohort of 272 patients who developed bone-only metastasis was 13 months (range, 1.03-86.07 months). Thus, using 13 months as the cut-off value for DFI, we found that the subgroups of patients with shorter DFI presented a more advanced T category and N category NPC (T3-4, N2-3) than patients with longer DFI, with P-values of 0.015 and 0.042, respectively. Also, there are more patients with high pretreatment ALP (P = 0.046) and EBV DNA (P = 0.029; Table 2) in shorter DFI group than in longer DFI group. In univariate analysis, the 3-year OS rates for patients with high DFI and low DFI were 77.9% and 39.8%, respectively (P < 0.001, Figure 2A ).
Prognostic value of integrating serum ALP and plasma EBV DNA
Using pretreatment serum ALP and plasma EBV DNA, we classified the 272 patients into three groups: group A, NE-ALP and low EBV DNA; group B, NE-ALP and high EBV DNA or E-ALP and low EBV DNA; and group C, E-ALP and high EBV DNA. The 3-year OS rates for these three groups were 74% vs. 50.9% vs. 33.8%, respectively (P < 0.001, Figure 2B ).
In addition, we further assessed OS for each of these groups to assess which subsets of patients benefited from local radiotherapy after developing bone metastasis. Patients whose metastases were treated with radiotherapy achieved longer OS than those who did not receive radiotherapy in both group B (P < 0.001, Figure 2D ) and group C (P = 0.048, Figure  2E ), but not in group A (P = 0.230, Figure 2C ). Moreover, radiotherapy to the metastases provided a benefit in terms of OS in analysis of the entire group (P < 0.001, Figure 2F ). Abbreviations: DFI = disease-free interval; 2DRT = two-dimensional radiotherapy; 3DCRT = three-dimensional conformal radiotherapy; IMRT = intensity-modulated radiation therapy; LDH = alkaline phosphatase. * Chi-square test. Overall survival curves for the 272 patients with nasopharyngeal cancer stratified as group A, non-elevated ALP (NE-ALP) and low EBV DNA; group B, NE-ALP and high EBV DNA or elevated ALP (E-ALP) and low EBV DNA; and group C, E-ALP and high EBV DNA. (C) Overall survival curves for group A stratified by radiotherapy after metastasis; (D) group B stratified by radiotherapy after metastasis; (E) group C stratified by radiotherapy after metastasis; and (F) the entire cohort of 272 patients stratified by radiotherapy after metastasis.
Cox multivariate analysis for OS
Univariate analysis indicated N category, pretreatment serum ALP, pretreatment EBV DNA, primary treatment, radiotherapy after metastasis, vertebral metastasis, the number of metastatic sites and DFI were significant predictors of OS. Multivariate analysis to adjust for these factors revealed pretreatment serum ALP (HR 1.720, 95% CI 1.199-2.467, P = 0.003) and pretreatment plasma EBV DNA (HR 1.635, 95% CI 1.131-2.363, P = 0.009) were independent prognostic factors for OS. The other independent significant prognostic factors were N category, radiotherapy after metastasis, vertebral metastasis, the number of metastatic sites and DFI (Table 3) . Abbreviations: HR = unadjusted hazard ratio; CI = confidence interval; IMRT = intensity modulated radiotherapy; DFI = disease-free interval to bone-only metastases.
Discussion
In this study, we systematically evaluated OS, prognostic factors (especially ALP and EBV DNA), and post-metastasis treatment modalities for patients with NPC who develop bone-only metastasis as the first failure after primary treatment. A number of noteworthy findings emerged from this retrospective analysis. First, both elevated pretreatment serum ALP and pretreatment plasma EBV DNA were associated with significantly shorter DFI and poorer OS. Second, Cox multivariate analysis indicated N category, pretreatment serum ALP, pretreatment plasma EBV DNA, primary treatment, radiotherapy after metastasis, vertebral metastasis, the number of metastatic sites and DFI were independent prognostic factors for OS. Third, delivery of local radiotherapy to the sites of metastasis may provide an OS benefit compared to other treatments in patients with bone metastasis.
It has been previously reported that patients with NPC have a high incidence of early bone metastasis, with the spine being the most common site of skeletal metastasis, accounting for 66.0% (of 206 cases) [16] . In this cohort, spinal involvement was associated with poorer OS (HR, 1.997, 95% CI 1.199-2.467, P = 0.001). These results are similar to a previous study (HR: 1.91; 95% CI: 1.33-2.74) [11] . It is well-recognized that the diagnostic ability of imaging for early bone metastatic lesions is far from sensitive, especially when the tumor cells are mainly confined to the bone marrow [17] . In this study, patients were diagnosed with bone metastasis via a number of imaging technologies, each of which have disadvantages: bone scans have a low specificity and high false-positive rate, CT requires the use of radioisotopes, PET/CT is expensive and MRI also suffers from limitations include partial-volume effects. Moreover, skeletal-related events (SREs) occur non-specifically: one study reported that 12.1% of patients with bone metastasis did not have SREs [18] . Thus, the imaging technologies employed for diagnosis of bone metastasis have inherent limitations that may lead to a delay in diagnosis, especially in patients without the symptoms of SREs.
In recent years, a number of serum markers have been reported to have prognostic value in patients with NPC and bone metastasis, including lactic dehydrogenase (LDH) and ALP.
Elevated serum ALP has been associated with the presence of bone, liver and other diseases [19] . ALP is divided into four isozymes named after the site of tissue expression: intestinal ALP, placental ALP, germ cell ALP and liver/bone/kidney ALP [20] . Although these ALPs are present in many tissues and have been investigated for a number of years, relatively little is known about their functions. ALP is a by-product of osteoblast activity, which is related to bone metabolism; therefore, elevated ALP indicates that bone formation could be occurring. Metabolic disorders of bone disease contribute to ALP elevation [21, 22] . However, elevated ALP can be due to diseases in several other organs. Therefore, we excluded patients who presented evidence of diseases known to cause abnormal ALP levels. A recent review explored the impact of serum ALP on the clinical response and survival outcomes of patients with skeletal metastases in NPC [13] . Likewise, our results confirmed high serum ALP level before treatment predicted poor OS in patients with NPC who developed bone-only metastasis (HR 1.720, 95% CI 1.199-2.467, P = 0.003).
Clinical use of EBV in NPC continues to increase, with quantitative analyses of circulating EBV DNA used for population screening, prognostication and disease surveillance [23] . At present, randomized trials are in progress to investigate the role of EBV DNA in order to stratify patients for tailored treatment. Patients with high plasma EBV DNA require more intense treatment [24, 25] . However, the prognostic value of EBV DNA in patients with bone-only metastasis has not been explored. Thus, we preformed stratified analysis by pretreatment EBV DNA. ROC curve analysis for OS determined the cut-off value for EBV DNA should be 6,750 copies ml -1 , which is much higher than that of the previously published cut-off values selected for analysis in patients with non-metastatic NPC treated in our department [26, 27] . According to our mutilvariate analysis, pretreatment plasma EBV DNA were independent prognostic factors for OS (HR 1.635, 95% CI 1.131-2.363, P = 0.009) in patients with skeletal metastasis.
After confirming the prognostic value of pretreatment serum ALP and pretreatment plasma EBV DNA, we categorized the patients into three subgroups. Kaplan-Meier curves revealed patients with elevated pretreatment ALP and high pretreatment EBV DNA achieved the poorest OS. In addition, further exploratory analysis was conducted to identify whether OS may differ in the subgroups who received radiotherapy or other treatments after metastasis. Remarkably, local radiotherapy for bone metastases provided an OS benefit over the treatment modalities that without radiotherapy in the subgroups of patients with elevated pretreatment serum ALP, high plasma pretreatment EBV DNA, or both elevated ALP and high EBV DNA. These results indicate that the combination of high pretreatment serum ALP and high pretreatment plasma EBV DNA is able to discriminate patients for whom radiotherapy to the metastases will result in a better prognosis compared to no radiotherapy or other treatments.
Currently, systemic chemotherapy is the primary palliative treatment for patients with NPC who develop metastases, with numerous confirmations of its efficacy published [28] . However, median survival for patients who develop metastases is short. When combined with locoregional radiotherapy, systemic chemotherapy improves the survival, disease control and quality of life of patients with metastatic NPC [1, 29] . However, it has not been confirmed whether locoregional radiotherapy targeting the sites of bone metastasis affects the survival of patients with bone-only metastatic NPC. In this study, patients underwent chemotherapy, radiotherapy, targeted therapy, combined use of bisphosphonates, or only symptomatic therapy; 135/272 (49.6%) patients received locoregional radiotherapy. Of the entire cohort, univariate and multivariate analyses demonstrated that radiotherapy after metastasis improved OS, and confirmed radiotherapy after metastasis was an independent significant prognostic factor for OS.
One limitation of this study that cannot be neglected is that the application of various adjuvant therapeutic methods may confuse the results; and moreover, the varied therapeutic protocols may also have led to diverse survival outcomes. Thus, randomized studies are necessary to authenticate the prognostic value of pretreatment serum ALP and pretreatment plasma EBV DNA, confirm the survival benefit of locoregional radiotherapy in patients with NPC who develop bone-only metastases, and further exploration of adjuvant therapies is warranted. Additionally, the quality of life of patients with metastatic NPC has received little investigation, and any future research to validate this study should consider the effect of such treatments on the patients' quality of life.
Conclusions
Several prognostic factors for OS were identified for patients with NPC who developed bone-only metastases. Using pretreatment serum ALP and plasma EBV DNA, as well as other clinicopathological factors, patients with bone-only metastases can be more effectively stratified into risk groups to guide individualized treatment. Additionally, radiotherapy after metastasis significantly improved OS, especially in patients with high pretreatment serum ALP and/or plasma EBV DNA, and radiotherapy after metastasis was an independent significant prognostic factor for OS.
